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(54) METHOD FOR FORMING SINGLE CRYSTAL THIN FILM 

(57)Abstract: 

PURPOSE: To provide the subject method so designed 
that a thin film with a specific crystal azimuth oriented 
intensely is formed by vacuum deposition on a 
polycrystalline or amorphous base material according to 
laser deposition technique using a simpler device and 
through a more streamlined process. 
CONSTITUTION: This thin film is formed by laser 
ablation technique designed to irradiate a target 12 with 
laser beams 13 to make a vacuum deposition of the 
material scattered from the target 12 onto a base 
material 11. For this purpose, the following condition is 
provided: a thin film can be formed so that a specific 
crystal azimuth orients nearly perpendicularly to the 
base material 11 in the arrangement of the target 12 and 
the base material 11 so as to be virtually parallel with 
each other as shown in the figure (a). Under this 
condition, the thin film is vacuum-deposited on the base 
material, 1 1 tilted at a specified angle 9 relative to the 
target 12 as shown in the figure (b). Under this specific 

film-forming condition, the objective thin film with a specific crystal axis oriented intensely on a 
plane nearly parallel with the surface of the base material can be vacuum-deposited by tilting 
the base material. 
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[0035] ii/f<oA*-e«JtbixfcKtEJ:^*riisn 
^o^m, «s»c:¥tf*ffii*9"C^ (ioo> $*oiar^)co 
o-7o° (Dmmz&^x. stEffit^ffftBrt-c <i 

0 0) S&/^^£^oTV^ ~ tri^^So ^co^SF^ 

[0 0 3 6] 
1^1] 





0 


2 0 


3 0 


4 0 


5 5 


7 0 


8 0 


. < 1 0 0 > t& CDKffij^© 
3Mfi*5 (° ) 


* 


* * 


±30 


±12 


± 7 


±15 


* * 



[0037] mfem 2 

mmmi t mmiz^xm&um&XTj&mtf 

X.TYSZKSr**Lfc*§J&. 2mTorr(Dl 
^fr-frfcE^S C tfaot, (1 0 0> Nl^XfiStC 

[0 0 3 8] f-^h)t$:l^^Itil7t, «fi*3 
<tt/2mTor r©ftttT"eYSZW<r»*lfc. t# 

»£\ (Ill) ^^^I£fS]Sr^-rt*-^^mS!J$n 



-10° 
(10 0) 



— 5 5° +15° (DfflffiX 
mt (111) tt^>*i"^ 



to 5 5 C 

£>5o 5 5° (2, 

40 [0039] nbtitzm^mmmi tmm^Lxxmm 

45-70° OttHI-fc^T, IstR 
Et^fTJ&BrtT- (1 1 1) $&&£< J t*>-?X\<*Z>Zt 
frt>t>*Z>o »^2mT o r r <D%tWT \ 4 5 

— 7 0° co®5^ap^(w^^v^r. *e*t*^Y szwjr* 5 * 

[0 0 4 0] 
[f£2] 



-7- 



(8) 



&M¥-"< - 2 9 1 6 2 6 



13 



14 



«* c° ) 


0 


2 0 


3 0 


4 0 


4 5 


5 5 


6 5 


7 0 


7 5 


8 0 


<° ) 




** 


±30 


±29 


±12 


± 8 


±8 


±9 


±12 


±32 



**:<111> l&CD^fc^efSlllB^^n^^^/c 



[0041] mmm 3 

H&#Jl i:l^«ltcLrS«fflff*3J:Vtt5R^^ffi^«:S 

2 0 mT o r r <D&&tfxE.t) £r/B lofttf. (110) 

^ ~ T\ :o^T> S^^m^^^S"C^ttTY S Z 
MWLt 1^3 0° -6 0° 



30-60° (45° -15° -45° rl5 6 ) CD& 

[0 0 4 2 ] 
[*3] 



«ft (° ) 


0 


2 0 


3 0 


4 0 


4 5 


5 5 


6 0 


7 0 


8 0 


< 1 0 0 > Ma>EAMM7CD 
MHBM C ) 




** 


±12 


±7 


± 7 


±8 


±12 


±35 


* * 



[0 0 4 3] /^fD^f 

W±l: Y S Z ^iM^Mt?) : t ^-Ct 5o 

[0 0 4 4 ] XlfeM 4 J0 
K r F-^v"7 \s — if (H2 4 8 nra) «:JBV\fcl<'— 

i)7$a^=r^7 (YSZ) Sa^fiR^ftfc'^X 

ilfe**Ufc 0 *1\ Ell (a) Id^-rj: stR 2: 

0 0°C, &m#XJ£?) 2 0 0 mT o r r ^Tt>( y 
h y * *Xlfe{b««n«*K*»j£ Ufc t w 5, < l o 
3> <0 1 3) «*$S»ffilc*tL-CSa[lcftt,Ml 



S^l^T, I:I4K r Fs^^U-f (R*2 4 8 

nm) , ^— M:HYi Ba2 Cu3 Ox 
<£>Y*«g*gfrS:fflv^ 0 fttc, Hi (b) 

TM v h y *A*IMb*MM*Kfc*#Lfc. co^o 
IfifaSrfB^fc^ C<5. < 1 0 3) <0 1 3) ®\<D 

Erfijt±^$*v>— SfcrffifciatffiKferfrrfijK: (00 
l> $&0ffifa£^^^#^fc 0 SttOilc^tT^^rfi] 
Id**, (100) £fcli (0 10) Wj&s3&<K|6)LTV* 

^5£, (100) WOiafa#tfF£tf>0Mfcli* 

4 0^9tw^"9. 1^30° -70° (Dfiffl-CitMSStt 

y h y *Ju*K{b*««»i«s»feii,fc. 

[0 0 4 5 ] 
[^4] 



ffft C ) 


0 


2 0 


3 0 


4 0 


4 5 


5 5 


6 0 


7 0 


7 5 


8 0 


< l 0 0 > ttcoEfPi^Ttro 
*«P» (° ) 




* * 


±20 


±14 


±8 


±12 


±18 


±17 


* * 





[0 0 4 6] 3l2fe0iJ 5 



JO 



[Lfco ^^>^m, ^r^ixl^UT (3 5 0°C~5 
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# 



(9) 
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50t 5raTorr-50raTorr) , (400*10 
-6 0 0t, SOmTorr^lOOmTorr) <D%t 

<*-e (ioo) mim&mizttL,xm\£\z&fa-tz>z t 

£xtl^?imi$.l,tz c *<D&m. M^3 0 o -7 0° 

<l 10) bWff temftlzts * 
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[0047] x&km&mm\z£ vm^bw-n^m^\zM 

fa-fZ (110) tecoftft tmficDfg&Zffl&LtZc t 

[0 0 4 8 ] 
1^5] 





0 


20 


30 


4 0 


4 5 


5 5 


6 5 


70 


7 5 


8 0 


<i i o>«ccis^mcD 
*ffig (° ) 




** 


±24 


±11 


±5 


±8 


±10 


±11 


** 


* 



** : <i i o> wmmo*ttmm!b<vtf& > 



(b) mc*7*^i>-°ttfe 



m c ) 


0 


20 


80 


40 


4 5 


55 


6 5 


70 


7 5 


8 0 


<i i o>ttcDBa^m(D 


* 


** 


±18 


±9 


±6 


±7 


±8 


±12 


** 


* 



** : <1 i 0> 
[0 0 4 9 ] HS£#J 6 

(2 7 5 Or, ^^^^JE^I^3 0 0 mT o r r b Ufc 0 

y s zmmn, %mm i<dxo [zm^ < i o o> 

7° (D^mzX^&ZffiZ-XteV , ~*U:i2tU 1^)1 

F^r-fi, Jj&ftJn b IX± 6° O^iitiiil-Cali^gE^l^ 
-ttTl^fCo IC0:id^, ^2<DmX^>^>^ V h 

RMtfL&i£\*3. 2X10 5 A/ cm 2 T^ofc 0 

[0050] %mm 7 

^^'J3C7)^^T^-7 p /h>1-?r4 5° (CfipUtT Y S Z 



me tm-tLtz 0 YSZW, ^J3 0j;9(:i 
Pyo (100) $6^±7° co^iiliiilT'^{iZ:^lttx.Tio 

®P^T-lia$Ac0^r{ir^t lt± 5° (D*im& 

4. 3 X 1 0 5 A/ cm 2 T'&ofCo 
[0 0 5 1 ] 2I&#J 8 

mmi bmc3ki*zm\<^tz 0 ^^^^i^ux^ry 

IBSLfCo 9 — hlzfi;\,^(D* y 1 0 

V-+3 0 0V, -l 0V--3 0 0VOlE?rM 

1*9 -e, ±4° offi^Ersi^* 5 , 1^5 5° (ommzw. 
\z&\,^xnhfttz« 



-9- 



* 

(10) 

17 

[0 0 5 2] 4*14. M 6 iC^i-J: 9 IC, * v v/^fg 

mmnEEmmftx% ±5° ^e^m^ss 0 
[0053] m&m 9 

±7° , 1 ft<Z>7< y^®ffi£/f3V^$§^±7° 
lwB8i-5*«*Id5»e>tbfc 0 ^MJ2tclt^YSZl 

[0054] mmm 1 o 

KS«3fcrai:*#-e»Bi*r»fliu*:o jnswstwo 

y *>*««*5J:l5Hia«E*:«ffl UTY S ZKR^M 

±5° % l#<D;<yi^m&£^?cii§^±6 0 0>$Mfr 
lcH1-5*««^#t>^ 3Hfi«S3^Jt-<-CYSZ»Bl 

[ 0 0 5 5] Htfefl] 1 1 
«Lfco jt*6«8 tBO yi^a««*3J:t5aMHI«E«r 

[ 0 0 5 6 ] 
[^6] 

(a) Btffc-bU t?ACE>»-& 



as 






±4° 
±4" 



40 



(b) awt^r*^^©*^ 



as 




2«t 

itft 


±4° 
±4° 



50 
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[0057] mmm 1 2 

€r^Lfc« wOJ:lcHi6^J6 ifSIC^ife-e-f y M; ^ 

±5° ^I«ta«!i^Elfi]LTV^ 0 1-fcfc>*>w*Ui 

BB^tiaESSli. 5. 6X10 5 A/cm 2 "Cife 0 US* 
#J6 J; 19 $ b\z&^&mi&bti1z. 

[0058] m&mi 3 

1 0<O*fetf-7'/J^«:4 5° «ttTYSZ9l 
TCOY S Z»KOffirtiBl6Jtt^BflU-C± 6° o 

Jt-5ffi#tiatffiaJ4 6. 4 X 1 0 5 A/ cm 2 9 > 

[0 0 5 9 ] 

;u 7 7 * <o mu± \z m&&&nm*: mm & y ° * * -e* 
[Bffion^Rn] 

[mi] *«wjwtt5^fe^-^i«:iftwi"«>fc«>^>a^ 

[El 2] ^^tct^p^&cot 3— o<*>ey&|ft9ii-Sfc 
[SI 3] **^JCttp*feOft!i^JS:SttW-r6fc«>^« 
[0 4] «0|t:^otf-^±!:^ B B 0 l4fI$: 
[IS 5] *»W«ctjtv\ fiSt^-yy h<Dffl\zitt<o 

[ei e] smbwic^v m&Ltfi-y? h<ova\zi&<D 
mm Srff a u r ma £ en an l * a* ^ if r y u— > a 
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(11) 
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19 

s &fttz 9 y ° * £ ^-Mfxtm -e fo o o 

[ID 7] Y^>-k'-AB^#t> ^-1f^$r^ffii-o^^ 

i i m& 



20 



12, 3 2. 5 2. 6 2 Y 

1 3, 5 3. 6 3 U— Ifft 

5 1.61 g& 

5 4.6 4 -7=7 X-^ 



[Hi] 



[El 2] 
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(12) 



^^^7 - 2 9 1 6 2 6 



[ffifflB] 7^5^230 
I^«*jE 1 J 

[«r:Eat*«s[4] wmw 

lKlESWBSrittE*-*'* hffiJc»L-CBffiO*ai-« 
tuffiffi(t^ix/cS«-®±{c. mEfl«l*ft=T«c:*5V^-cilll 

9. 3&»oWE»fSoA«Jc«rESWaS«r»t5wi^J: 
9, JK#1-5«(EWc*5V^-ClHE^— hBidWL-C 
«fSM4*IfijlcMEK i ©»je^JS**tfc#Eft1-S 
l»E*»ffi^»LTJ5ffftli:fe*'!S|S-*2 03# 

l$ff^fT4*rtlct4fSo«**ffi*El^*^Sw t*« 
E**>*ifc. 

[H*«6] mlE^io^ B B a ^^ (ill) T£> 
9> ftiE^eo^gi: IT4 0° -7 0° 0>fEB0>fttt 
SrfflV^S - tlci 9. itjEm2 0^ B B 3 ^{ii: It (0 0 
1) **Eraj-J"S«lPJ«r*l«L-C, H«ES«-fl5tl5^fT 
^fttc (10 0) *sErfi]-t"Sit*S?KwK^:IR*-f"S 
Zt*&mt1~Z>. »*5l £fcfi2EttO*fe, 



{fc»««»»:0> (10 3) (0 1 3) -?£>9. ItJ 

lEM^it ix3o° ~7o° <omm<o^m^m\^ 

*»{b»fimW**> (0 0 1) 365ErSJt-o«ffi)^J^U 

[ff*^8] hijE*1 oSA*fi3& J (10 0) T-fo 
V . m&mm<Oft&Zb IT4 5 C -7 0= coJaSO^^ 

(ill) #Efr1-5ii;fr£?&tDj&3:8&#i-5 z b 

[S»**9] ItiE^ 1 cos^^te^ (110) t'fc 
*). mffi%J£(DftJ&t LT3 0° -70° (OBIOAS 
fcfflV*5w£K:J: 9. m^^2<D'^^itLt LT (0 1 
0) *sErfiJi-S«r*]€r*iJfflb-C, ttESttffii isiafWr 
fc^ftlC (10 0) d$Erfi3i"oS£*fi^^K«:aS*i"o 

0] f»ES 1 ^JSft^ffi:* 5 (10 0) "Cfc- 
9. ]!9EBr5£a>aS£ It 3 0° -7 0° ogSHcD^ig 
$rffiv>or bic£ 9. wi&mttmbm*WifteJjft\z 

(1 10) ^El^tSS^WISrlfto: i«r1# 
«ti-5. B#«l*fctt2ffi«o*S. 

[»*Si l ] ^-yy M:^-«?r.Wt6Ci 
(cj; <9, ME*— h*»<b«SSrSnfc*RSr*ttm± 

»*«HS*t**b5^ — -/y hBfclWEXttBirdMa^tT 
"C*>SEKic*5V>-C* 1 o4t^co^ H B B ^{iL^Hi]Eg^B 

HftESttBSrfflE^ — hit'^L-Cpjr^^|f!:ii 
iitfE«ttfcJxfc»*ffi±^ WEritK*«=TI-*5V^r!B 

b1jESWb^^^b b b*^(4t^^-7 r *<o&nfrhte 

mEBfSo^a^iWEKWBSrWtSwirJcJ: 0, 
-ToHljE^^^^TmiE^-y^ hBI-fcrLTiaSfM: 
4*rfiJI-HuE» l co^^(D^ s B 3 ^'fi^ia^]i-oM^ b > 
iHES&Btctt ur iatfM**iais-« 2 <o&m<Di&& 

*ffi^ElfiJi-5«lS)t SrMfflUT, H«Ea»ffi±»-*e 
alMloKMU d'oSiEIB l <^K^*SS«5g 

1 2 ] buE^ 1 <£>BUcioV N T itlE^^tB <h (5 

ltt*i% 1 3 ] nUESfS l <nmi>K <tvbV T&J£itiS 



-12- 




1 1 *£tz\* 1 2 iB^<D£-j£ 0 
3 <D\,^?tifr 1 ^B2^C0^i£ 0 

[tt^^i 5] m%d.m\<D&&*$Lfr (in) 
^v>o:tiao, Hui5m2cD^^^{3: < i: it (oo 

tt&UZ (100) ^Eftl" 65:^ H ^^OM$rBuI2m 1 
oliUMtolt^it^, fi^^ll^/c 
ttl 2IB^O^&o 
[ft 6] BulSMl co^el^S;^ (110) T-£> 

fjie^f^^^s^ tx3 o° -7 0° <Dmm<D<&m 

&m\,^Zt\Z±y^ w\&m2<Df&£kJj<<Lt IT (0 1 

/^^r^ic (ioo) mifai-zttikm<Dm&mmmi 

[0 0 0 1 ] 

&&&&& t> «*+■ 5 *> ^ t -r So 

[0 0 0 2 ] 

Ki^^oo tit, JftBAfitEJif::* XSXK*. 
[0 0 0 3] »ft*fi«W(t<0»ffil«r^ffi-*-5fe*<oa 

{ bft # £ a: f * * > * /nag $ir5:tm 

Oo 

[0004] ^fao^c#$. m&jLxt&ts&G'r 




#0flip7 - 2 9 1 6 2 6 

[0005] ^ u^f v-y/u^s^^^— zrm&±_ 
tx.»jiijftsi«iEiPi«:#i-s»fr-ct. mm<7>m&i*m 

t£\*\ £fc, M g Ox S r T i 03 x £7iteZ r O2 * 

^ B H ^ ®Oia^^!l|oTV^^V^^^^^ ^^ Oo il^l 

[0 0 0 6] Z<D£ ?*Wkm&3ZMi-Z>tz#>. *ifi, U 

Wlp 1 3 4M o E15(C 

*5V>T, /n^^ci Y C 2 7 6 7— ^7 1 Jbte-f 5/ h !/ 7 
jc£<fc^A'=~T (YSZ) HII^MLtV^, - 
O^ft-CIl, Y SZ*-y* h 7 2tCU-f t-A7 3 

* 0>f t> e-i* 7 4 !rSStt S ^ 1 1: «t ot, &ffl&) 
(^^ B B B ;c^tLT^^^I#^ii:J: 9 i LTv>Oo ^ 

5o 

[0007] LA>L**Et>, -f^-^t'-A 
[0 0 0 8] 

[0 0 0 9] *^0$f>^ol6!)^ £9ffiW&ttK 
[0 0 10]$»^^^S&!)I1 J:0flS*ftKB 



-13- 



(14) 



- 2 9 1 6 2 6 



[0 0 1 1 ] 

f*¥ff-e$>SE«i-:*5v*T, Ii^^^S 
zmfat&mmLx* mum±\zm^ 

[0 0 12] **W#fi, iitLfcWtt^riMftffSrffi 

v\ntf* mum**-?* hBic*rLrBf*o**-e« 

SrEftS-frSCfc^lB-efcSr.tSrllv^aLfc. ceo 

#*ofe**ffi*«Er«i-Sfc5»»wiK*iR#Sit:fct 
LTt. ra-OW»TBUo«**ffiS:ErftI*i3:Sfc«>^ 

^Er^i-sui«:*flEt?#s*#«rfflv^n«r. mum*? 
mm^rn 2 o^^co^ a B a ^^ie^i-6{ir^ t *mm l 

ttSi:¥tT*Brttc:t, ttCa>*£*N&rElo)3-fr$ w i 
ir^2O^ B B Q ^{5:i:C0^i-^Jg± 2 0° 0©ii:t6 C 



[0 0 13] sLtz, *$89!li % £>m&-£iz\±T*>\s7 7 
ffitSttB^d^Sl^tT-efcSES^JoV^T, !fHO$£ 

i£<DigMiXtiLfrmttmizM\^xm*mmz&fti-zm& 

B±«-w<D^O^#T^l^T^ l Wl^rlftoo 
o^T, ^lOlii:, tt<t:»fflm«ff 2 co 

f(t5cna 9. ^-^y kbi-wl-cisism**" 

m«c|Bio#3t<oft**ffi36SESjr5«ffili:, SWB^ 
MLTI5^il:^^iim2<D#^£0^ B B a ^{i^IBf^r 

SWlSjfc&SfllffiLT. ^B-bicm^B a B ^^>m i <om* 
S»B^I5^tT^*r^^t>#^fiHH*ffi€:E^3 

[0 0 14] K»t»{b»««W*d«SJSUftv^ 

T^r/l^r*^^ y h y TSc36<b^ = =T (Y S 
Z) £Rj£ESitJi£ LXMf&l,tii><D&mtth ttfflv^ 

s e it, mttm&f-y? hB&iatfWjrEHiw 

;m*T, WlOWSOfM^tfcfc LT (103) £fcli 
<0 l 3> ^SWBicilSfxSiE^Erfiii-o-f yh!i 

T% aWBSrBfft^atlclHtrWIS***^.!: h 

Soffit l"C (001) i&#g#B(-SiElwEfa^S£ 
5tc#9, :^i:|ot (ioo) (oi 
0) 3&sSWBfciaiS 5 PtTlwElPli-5J:5Jc:*S« 
[0 0 15] 

[ftUB] Si (a) Ji, *t-HS:Mtnfflv^nou— if 
ii, ^-^y h 1 2 £ WrlcEfiSfbSo 9 — h 1 

2 u-if * i 3 ^Bi^-re U-lf « 1 3 

OA»fA*t-*»** i bi' . KB 1 2 a I^IJi^^ 

[0016] ^.oE«tw*5v^T. S^^^JK, 
**RI-»UTSiff3te*lSjlwErtIi-S« 




/>o 8 — *\ m&mtWfrttfaia** t^troM^ 

[0 0 1 7 1 ^CT\ Ell (a) coESilS^T, 

£Kflsft<Dii£Stta s , m&w i i a {^MiEi^iEr^i-Oct 

co#d*TT% mi (b) MTFi-J: 5 KSffi l 

0*5 5 5" T-^iXl^, (0 0 1) li^SHl lal:I 
ElcEftLJ: 5 fci" So r^MTT-li, &^-<£> 

<i i i> tt^ErS)L«t 9 t-rSo citfc 
«>«iPjJwttor, MREisFtTttffirtic <ioo> I* 

^ H B a ^M^#^>n,Oo «fc5 5° li. (ill) 
(10 0) Jf&tLfci* (001) *ffii*«ft1-**(cl5 

[0018] ratnof^fflji, sijosBftttassffiffifc^ii: 
icEfir©£#£ffl^Tt>j£ftl-© 0 ^^td i2 

(a) l^-f J: SSi^-yy h^WrfcEIBi:: 
*5V*T (100) Hi^XtS2 l tzSiticiBiRir&AJKft 
ftSrfflWc*^ (§32 (b) l^-fj: ^C5 5° 

(c (ill) BlPJi-5Blds***ix5. -*>y 

[0019] $ feld, HI 3 (a) {C^i-«t 9t-, Xffi 3 

i i*— y* h 3 2*s5pfir*E«Jc*3V^r (110) M 

^S«3 1 a {C^iE{CBr^i-Sl«^^^ffiV^Ow^ 
^T'tOc El 3 (b) \Z7yk-rX0^. M4 5° tHKtt 

(110) M^3i<BAbJ: 9 4fe 
mc <oio> NuP&KccftiEfcEfiLJ: 5 fci"5«rpi 
IcJzoT, (100) tt*saSffitlS»S5ptT4Brt(c«fe 
J?^FoTEfp|1"5) «t 9 I^^So 5° W\ (10 

o) l&^fcte (oio) i> <iio> $&h<Dte1-ft]g. 

[0 0 2 0 ] £A±^LX*tz£ 2 oCD^Ii^fcCO 

s*ifi)i^scojeatt^Brs] uj: o b-tzmfat. mu 

[0 0 2 1 1 IMift ±^Lfcct ?ti2oco^ B B B 




ftftoW-T - 2 9 1 6 2 6 

:t^T'tc 0 fcbX-lZ* (11.1) fe§rBP]cF-lroC 

4 0-7 0° (omm 
o^gT'iit ^rL7^£^S_b;". (ioo) s&^Era-r 

fc. (10 0) (4«rElSl**Sw2:ds-C# ofOHbtt^: 
JBv^t^ 4 5° -7 0° o«?!lo^S"C^«t^ixfr 
£ffiffi-bM* (ill) tt^Brfi]i"oiE*S^OMS:^ 
f$iro:>^t^o e (1 1 0) f6*:I£ft£irow£: 
35SX-*ofi8M*{*«rfflv^o»*. 3 0° -7 0° cogiffl 
OftS-CXtgS^flJtowilcJ:!?, (10 0) «k*SE 
fti-5St***OI!!H:»S-i3& s -e#5. (l 0 

o) ttfcErfii£*srtK*#*fli^-c. <i i o> ttj&s- 
S«o«fiJi3 o° -7 0° <D«Hi>-r© w fcj&s-e 

[0 0 2 2] **Ww*5V*-C\ l^OttS, * 

[0 0 2 3] Sttt UT, L<fflv*<b 
ic, fMK*rajS Lfcv*»S\ SttSr*©*^*|fili:»« 

fc£ N EI 4 (C^i"^ 9 id. f-7'4 1 (DWjf*:- 4 0 
-Cav^ft^fe, 7-/4 1^i^Tf-^M 

<Db%. — 4 l a fi, y*y h 4 2 (Dmictt U 
$^0^-/4 i ±KiK#£jh/0><o ^i 

[0 0 2 4 ] Iz-fT^L y'aVWfcft, jh^-v^U 

r Fi^'>vl/- if (If 2 4 8 nm) ^JiU^ArF^ 
^v"^!/— if Ml 9 3 nm) L<fflV^*L 

6 0 «M«o*r»-c*>5^— y^ n-tt, a-* « 

[0 0 2 5 ] *»WiziMfc«Bffi«3?»:|RSr*tt-±J-^ric 

f^^t5:^ s SiU\ ccd J: 9 tztTL 
nm<k^y*i/VM>&frbMj&i-z>^b&X'ZZo c^ 
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(16) 



ftf%¥-7 - 2 9 1 6 2 6 



[0026] sttt*ft*a««*t*«sjcu* 

5 0 KibMlI^t Lt> Y B a 2 Cu3 Ox ^<D-( 

S^gfctm t^l5ix¥tT-C'fe^iaS^*5l«^T, <1 0 
3> (0 13) tt#S»Sfc:#LTI5tf£i£l::E 

jfc#TI-*3lf^T, I»ii±^-yy hffilz»LT3 0- 
70° , #£L<I24 0-5 0° , «fc<9#£L<tt45 

6:>(a^ sa-EBlctii^tT^m^iw, (100) 

•#3*<Efiu t^mumzmmz <ooi> waft 

[0 0 2 7 ] fc*3, rO^^S^T, ^ 7— 

^i±«W£ttoT^*o &S4#5£o>ii£*;Srffiii* [h 

k 1] -e*$^5. &&G>ttftmz&<3X\* [hk M 

-rztiK tii^ftfiu (hk 1) -e*t>-r. «s^> 
&&m* (hk 1) -e*$ix, *ft£*S*^«i-*Mffi* 

[0 0 2 8 ] 

Hft^J 1 

KrFx^VvU-f (M2 4 8 nm) $:ffl^f:U- 

^/K^-Lic, ^7hyrs^k^=-7 (ys 

Z) Hi^MLfcc 

[0 0 2 9 ] mi (a) n^l-cfc g&i:^ 



*0t:. 1 — 2 0 OmT o r r WKitStTY S ZJg£ 

itau^o coif, u-if oi*^*Mii 1 . 5- 

3. 3 J/cm 2 . lPO*iSLffli6WilHz-l 
0 0 H z (ClS:££iXfc 0 f^YSZi^X«S 
K:J:0aMELfcift*. 7 0 OtOSfifiSt 1 0 OmT 
o r r^I^^E^HI^n^:MTT\ Y S Z # 
(l l l) $fi£&&@lc*rLT&t>5$< SBfa£-£© ' > 

g^StLT4 0 0-8 0 0 
•C. KSR^f^ffi^i: LT2 0-1 5 0mTorr CQjgK 
o*ttS:8ffit5:tl:J:!?+»a^ (ill) Efia* 

[0030] Eli (b) (i7^-r«t9(c y 

W«r5 5° OftS-eiltT, 7 0 OTCcD^^lM 
OOmTo r r^#Tt\ WIW-Y S Z MK«r»l« L 

(111) m<D&fa*7n-ft o -?temmtstii'. d o 
(100) w^sffi©ir^tT^®ic*5v>-c»<ErS) 

dfcv^-t <ioo> WioEfa&^-t-fcr— ^m, 55° ± 
i5° t4^%4o-7o 4 *>«fi<a»i[a-e*au$n 

fco 5 5° fi, (111) (100) $b<Dt£-tih& 

[0031] a*oAft-c«ite>ixfci6S±Jc»rt*ix 

*o*S*. X«K«T&ffirtT-tf> (10 0) Ifioiar^^ 

(*«[«) ^1 iz7F-rt&v tiofc. <s^4 

0-7 0° o©Ht-*5V^T, StRfiBir^ptf^ffirt-e (1 
0 0) W^^otV^It^^Oc wCOgS!lF*S 

[0 0 3 2] 



Wft C° ) 


0 


2 0 


3 0 


4 0 


5 5 


7 0 


8 0 


< i o o > iftoBa^i^o 

3Mfi*S C° ) 


* 


** 


±30 


±12 


±7 


±15 


* * 



[0 0 3 3 ] Hft0J 2 

^.TYSZIK^itWUfefe*, 2mTo r r (DftfL 

^P-tt?:fflv^C>l:«l:oT, (10 0) Ni^SKii: 



[0034] x-^/hfr^a^^s-ewttr, «ia*5 

^2mTo r r©*ftT-CYSZSI«:MLfc. » 

«*l tLt45° — 70° 0>©iao*|jK&ffl^fc: 
*§£\ (111) 0»v*Eft£^r^-**MR»J$*i 
fc 0 5 5° - 1 0° -5 5° +15° OjEit 
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* 



(17) 



ftffi¥-7 - 2 9 1 6 2 6 



£>Oo 5 5° li, (100) Mi (111) tt<0fe1-fl 

[0035] '&bt%it&&nmmi ^TOatxSi 

^ixo-t^t). ^4 5-7 0° O^HlCfc^T. g& 



*^r>a>© 0 ^J:r;2mTo r r^T, M£ 4 5 

-7 0° <Dmmtoiz&\,>x. i^oysziw 

[0 0 3 6] 
[^2] 





0 


2 0 


3 0 


4 0 


4 5 


5 5 


6 5 


7 0 


7 5 


6 0 


*mm c ) 


* 


* * 


±30 


±29 


±12 


± 8 


± 8 


±9 


±12 


±32 



[0037] mmm 3 

2 OmT o r r <D&m#XE.Jl £J8 V **btf % (110) 

mm&m&i,ti 0 t<o^^ ««^3o° -6o° o«s 

Hic^^^t. (1 0 0> 4: ¥tTftBrtl-*5V^» 



t^tTiffirtt-iarfiirs (10 0) $i<o#*ii, 

30-60° (4 5° -15° -4 5° +15°) <D& 

[0 0 3 8] 
[S3] 



nn c ) 


0 


2 0 


3 0 


4 0 


4 5 


5 5 


6 0 


7 0 


8 0 


Sffiffi^W tt® rt * ^ 
< i o o > ttoEffij^flr© 
4Mi*s (° > 




* * 


±12 


± 7 


± 7 


± 8 


±12 


±35 


* * 



[0 0 3 9 ] J^±OHifi^JlC^-r^ *59 , ^7D^I 
MliC Y S Z ^effi^Mt^ C t ^T?^ 5o 

[0 0 4 0 ] HlfiW 4 
Kr FxdrV-7l/-f (M2 4 8 nm) Sr/BWiU — 

yr$^{t^u3=7 (ysz) jiOTBj3iS*Lfc^*y 
n^ra/su*:. *1\ eh (a) tc^rj;?!^ s«£ 

0 0°C, &St#*m^2 0 OmTo r r ©*#TT^ * 
3) (0 1 3) tf#X»ffifc#LT*«:«w»t>Ml 



*3V^T, U — If iCHK r U — if (M2 4 8 

nm) , ^— MdliYi Baz Cu3 Ox 
SYMifSMffi^fcc ftt-, SI 1 (b) \^-t£ o \z 

E^]^l-</":t w*>. (10 3) £fcl± (0 1 3) IfcO 
ffifiliTj^fcv*— &ttffi£l5f£SS:fc#lSJl- (0 0 
1) m<D%l\*\$:7F-rmfr%hM^o gittmlz.WfrteJyfo 

ten, doo) <oio) tt*sa<iarfi]UTv^ 
nt. mu&ft<o doo) laoiar^tfi t<Dfflmm 

4<D£o\Z%9 % 1^3 0° -7 0° 

[0 0 4 1 ] 
[214] 
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(18) 



&ffi3L7 - 2 9 1 6 2 6 





0 


2 0 


5 0 


4 0 


4 5 


5 5 


6 0 


7 0 


7 5 


8 0 


< 1 0 0 > SKDKftfl^pO 
*HW (° ) 


* 




±20 


±14 


±8 


±12 


±18 


±17 


* * 


* 



[ 0 0 4 2 ] Hffifcl 5 



7L C ' 



fit, -^OfS*, ^H^TXlC^UT (3 5 0t-5 
50 c C N 5mTorr — 50mTorr), (4 0 0t 
-6 0 0t, 50mTorr— lOOmTorr) CO^ 
ft-C (100) Ifi^signnl^LTSiE^iaffij-rSwi: 

(a) WbtrU<»/^Bft 



^il:$)oi:# <1 10) tt^SKir^PtTsfeBrtSiis 

[0 0 4 3] Xl»ttJ#tHffi^J: ^StRir^TTfeSrtSwfiE 
fti-o <l 10) tto»*t««OBB«S:SBaELftc * 

[0 0 4 4 ] 
[^5] 



m c° ) 


0 


2 0 


30 


4 0 


4 5 


5 5 


6 5 


7 0 


75 


80 


<i i owaasjjwii© 

4HSs C° ) 


* 


** 


±24 


±11 


±5 


±8 


±10 


±11 


** 


* 



** : <1 1 0 > WmZ-SoZ&ftilS&b^tVil < 



am c ) 


0 


20 


30 


4 0 


4 5 


5 5 


6 5 


7 0 


7 5 


8 0 


^irt® c ) 




** 


±18 


±9 


±6 


±7 


±8 


±12 


** 


* 



**: <1 ] 0> WB&^^B^ISS^^Xl * 



[0 0 4 5] £U£0y 6 

117 5 Ot:, ^3*f;tf*j£;^ll3 0 0 mT o r r t Lfc 0 
Y S H5£#J 1 ^ t^SP^ (100) tt#± 

7° 0*«*"e*ffi«r»*.T*5 9, iLfrldWU 



&mmmm^ ^iwii:Muxt 9 n^^L 

#SSE8!£Ji3. 2X10 5 A/ cm 2 X'hitlo 

[0 0 4 6] H&tf'J 7 
^3 0^7-^^4 5° II«tfTYSZJ» 
I$rMLt Z<D±lz* l — ■ tFT^u— v- a >fe{il 
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(19) - 2 9 1 6 2 6 



#j6 tm-ti,ti 0 Yszmmn. ni&m3<D£?izvn 

ft<D (10 0) m*±7° <D*m&X~1J{<L$:ffi?LXl3 

4. 3X10 5 A/ cm 2 T-£>o7t 0 
[0 0 4 7 ] 

;u 7 T * (o mu ± \z m& &&mm * m « * y ° -t * -e» 



[ig®<DfB»fc&E] 

Hi] ^^t^^&w-^j^^tc^oji^: 

[12] *«|«;z«e9*Sot>9-o(D^J«:KMi-ofc 
[113] **Wlctt5*feoffli<D«S:KWi"Sfc«><o« 

[114] ^l^otf- ^S^±^^ B B B ^M^ 

1 1 mu 

12,32 * — h 
1 3 U~1f3t 
[3M£*jE2] 

[«jE^**a«] n© 

[ffiIE*t*JSg£] ±11 



(2l> 




12] 




^21 



(20) 



2 9 1 6 2 6 



[[§33] [HU] [15] 




7Q V h^-v^CDMt 

(5D int. ci. 6 s^s'Jts^- Jtf^^#^- fi &mm^&m 

H0 1L 21/203 8719-4M 
39/24 Z A A B 

(72)^# # 5g33 (72)3BW* Sfc£ 

(72)|g^# « (72)38W# 
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